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(57)Abstract: 

PROBLEM TO BE SOLVED: To stably and efficiently produce 
a large-sized and high-quality single crystal Si free of 
occurrence, etc., of crystal nuclei. 
SOLUTION: The surface 1 a of an a-SiC single crystal 
substrate 1 is regulated to a surface roughness of <RMS 2,000 
&angst;, preferably <RMS 1 .000 &angst; and an a-SiC 
polycrystal film 2 is then deposited on the surface la of the a- 
SiC single crystal substrate 1 according to a thermal chemical 
vapor deposition(CVD) method. The resultant composite M is 
subsequently placed in a porous vessel 3 made of carbon and 
the outside of the vessel 3 made of the carbon is covered with 
an a-SiC powder 4 and heat treatment is then carried out at a 
high temperature of the deposition temperature or above in an 
argon gas stream. Thereby, an a-SiC single crystal oriented in 
the same direction as the crystal axis of the a-SiC single 
crystal substrate 1 is integrally grown by the growth of the 
crystal and the recrystallization of the a-SiC polycrystal film 2. 
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* NOTICES * 



JPO and NCXPI are not: responsible for any 
damages caused l^y the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] The single crystal SiC characterized by forming in the crystallographic axis and this bearing of 
the above-mentioned alpha-SiC single crystal substrate the alpha-SiC single crystal by which orientation 
was carried out of recrystallization of crystal growth and the above-mentioned alpha-SiC polycrystal film 
by heat-treating the complex with which the front face of the alpha-SiC single crystal substrate with which 
siuface roughness was adjusted to 2000A or less of RMS comes to form membranes the alpha-SiC 
polycrystal film under the elevated temperature beyond membrane formation temperature. 
[Claim 2] The single crystal SiC according to claim 1 with which the surface roughness of the above- 
mentioned alpha-SiC single crystal substrate is adjusted to lOOOA or less of RMS. 

[Claim 3] The above-mentioned alpha-SiC polycrystal film is the single crystal SiC according to claim 1 or 
2 currently formed by thermochemical vacuum deposition. 

[Claim 4] The manufacture approach of the single crystal SiC characterized by growing up into one the 
alpha-SiC single crystal in which orientation was carried out to the crystallographic axis and this bearing of 
the above-mentioned alpha-SiC single crystal substrate by recrystallization of crystal growth and the 
above-mentioned alpha-SiC polycrystal film by heat-treating that complex imder the elevated temperature 
beyond membrane formation temperature afl:er adjusting the front face of an alpha-SiC single crystal 
substrate to 2000 or less RMS surface roughness and forming the alpha-SiC polycrystal film on the front 
face of this alpha-SiC single crystal substrate. 

[Claim 5] The manufacture approach of the single crystal SiC according to claim 4 that the surface 
roughness of the above-mentioned alpha-SiC single crystal substrate is adjusted to lOOOA or less of RMS. 
[Claim 6] The manufacture approach of the single crystal SiC according to claim 4 or 5 that the above- 
mentioned alpha-SiC polycrystal film is formed by thermochemical vacuum deposition. 
[Claim 7] Heat treatment of the above-mentioned complex is the manufacture approach of the single crystal 
SiC according to claim 4 to 6 performed at the temperature of the range of 1900-2400 degrees C where it 
put this complex into the container made from porosity carbon and the outside of the container made from 
porosity carbon is covered by alpha-SiC fine particles. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the single crystal SiC used as X-ray optics components, 
such as a light emitting diode and a monochrome sorter, an elevated-temperature semi-conductor electronic 
device, a semi-conductor substrate wafer of a power device, etc., and its manufacture approach in detail 
about a single crystal SiC and its manufacture approach. 
[0002] 

[Description of the Prior Art] SiC (silicon carbide) is not only excellent in thermal resistance and a 
mechanical strength, but Since it is strong also in a radiation and valence-electron control of an electron or 
an electron hole has large forbidden-band width of face an easy top by addition of an impurity further (it is 
incidentally 3.26eV with about 3.0eV and the SiC single crystal of 4H mold at the SiC single crystal of 6H 
mold) In the existing semiconductor materials, such as Si (silicon) and GaAs (gallium arsenide), it is 
possible to realize unrealizable large capacity, high frequency, pressure-proofing, and a resistance to 
environment, and it is observed as a next-generation semiconductor material for power devices, and is 
expected. 

[0003] By the way, it is what is generally conventionally known as a industrial process of SiC abrasives as 
the growth (manufacture) approach of this kind of SiC single crystal. Much karyogenesis is started in the 
core of this seed crystal base material by heating a seed crystal base material with an RF electrode from the 
periphery of that. The Acheson process which advances two or more curled form crystal growth centering 
on the center section of the seed crystal base material, and the sublimation recrystallizing method for 
growing up a crystal on a single crystalline nucleus, using powdery SiC made with the Acheson process as 
a raw material are learned. 
[0004] 

[Problem(s) to be Solved by the Invention] However, since a single crystal will grow slowly [ long 
duration ], many crystalline nuclei will occur in the phase in early stages of growth not only the rate of 
crystal growth is very low, but and this will spread even in the upper part of a crystal with crystal growth 
when based on an Acheson process among the above-mentioned conventional manufacture approaches, it is 
difficult to obtain a big single crystal independently. Moreover, if it is in the sublimation recrystallizing 
method, since high-speed growth of 1 nmi/hr. extent is mainly adopted by the reason for economical 
(production cost) A pinhole with a diameter of several microns penetrated in the direction of crystal growth 
used as causes, such as the leakage current at the time of being called an impurity and a micro pipe defect 
and producing a semiconductor device, tends to remain during a growth crystal. There is a problem that 
enough SiC single crystals are not obtained in quality, and though it has the description this excelled 
[ description ] in many compared with the existing semiconductor materials, such as Si and GaAs, like 
previous statement, it is the factor which prevents the utilization. 

[0005] This invention was made in view of the above-mentioned actual condition, and is large-sized, and it 
aims at offering the manufacture approach of the single crystal SiC of the high quality which moreover 
does not have generating of a crystalline nucleus etc., and the single crystal SiC which can gather the 
growth rate of this single crystal SiC, and can manufacture a quality single crystal stably and efficiently. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned pxirpose, the single crystal SiC 
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concerning invention accord^Plo claim 1 By heat-treating the complej^Bm which the front face of the 
alpha-SiC single crystal substrate with which sxuface roughness was adjusted to 2000A or less of RMS 
comes to form membranes the alpha-SiC polycrystal film under the elevated temperature beyond 
membrane formation temperature It is what is characterized by forming in the crystallographic axis and this 
bearing of the above-mentioned alpha-SiC single crystal substrate the alpha-SiC single crystal by which 
orientation was carried out of recrystallization of crystal growth and the above-mentioned alpha-SiC 
polycrystal film. Moreover, the manufacture approach of the single crystal SiC concerning invention 
according to claim 4 After adjusting the front face of an alpha-SiC single crystal substrate to 2000 or less 
RMS surface roughness and forming the alpha-SiC polycrystal film on the front face of this alpha-SiC 
single crystal substrate, by heat-treating that complex imder the elevated temperature beyond membrane 
formation temperature It is characterized by growing up into one the alpha-SiC single crystal in which 
orientation was carried out to the crystallographic axis and this bearing of the above-mentioned alpha-SiC 
single crystal substrate by recrystallization of crystal growth and the above-mentioned alpha-SiC 
polycrystal film. 

[0007] According to claim 1 which has the above requirements for a configuration, and invention according 
to claim 4 While using what was adjusted to the surface roughness of 2000A or less of RMS which can 
cancel easily the mismatching of the crystal lattice by surface physical irregularity being small as an alpha- 
SiC single crystal substrate, and a phase transformation arising from the base of a crevice, and a side face in 
coincidence at the time of heat treatment By forming the alpha-SiC polycrystal film on the substrate front 
face, and heat-treating under the elevated temperature beyond membrane formation temperature Growth of 
the alpha-SiC single crystal by the side of a substrate is imitated, and the alpha-SiC single crystal by which 
it recrystallized in the whole region mostly and orientation was carried out to the crystallographic axis and 
this bearing of an alpha-SiC single crystal substrate excluding [ the polycrystalline substance by the side of 
the above-mentioned alpha-SiC polycrystal film ] the edge of the membrane formation part grows up to be 
one. By this It originates in the mismatching of a crystal lattice, and a crystalline nucleus cannot be 
generated in an interface, or a micro pipe defect etc. does not occur in it, and the large-sized single crystal 
SiC can be obtained stably and efficiently with high quality. 

[0008] In the manufacture approach of the single crystal SiC concerning the single crystal SiC concerning 
invention given in above-mentioned claim 1 , and invention according to claim 4, it is claim 2 and a thing 
[ adjusting to lOOOA or less of RMS like ] according to claim 5 being desirable especially desirable, and 
adjusting the surface roughness of the above-mentioned alpha-SiC single crystal substrate at the surface 
roughness of 100-500A of RMS. The reason is as follows. Namely, although there is so little generating of 
a crystalline nucleus that the physical irregularity of the field which forms the alpha-SiC polycrystal film is 
small and it is desirable If it becomes the coarse field which needs a big effort and time amount for 
processing it, and exceeds lOOOA of RMS until it becomes the surface roughness of less than 100 A of RMS 
It is because a phase transformation arises from the base and side face of a crevice in coincidence at the 
time of heat treatment, so possibility of canceling the mismatching of a crystal lattice becomes small, and a 
crystalline nucleus occurs in an interface and it becomes a product of inferior quality. 
[0009] Moreover, in the manufacture approach of the single crystal SiC concerning the single crystal SiC 
concerning invention given in above-mentioned claim 1, and invention according to claim 4, claim 3 and 
the thing [ that membranes are formed by thermochemical vacuum deposition ] according to claim 6 of the 
above-mentioned alpha- SiC polycrystal film are [ like ] desirable. The reason is as follows. That is, since 
the membrane formation by thermochemical vacuum deposition can operate equipment imder control of a 
very high precision, it can form homogeneity and the high-definition alpha-SiC polycrystal film, and can 
carry out alpha-SiC single crystal-ization accompanying heat treatment after membrane formation to still 
easier and stability by this. 

[0010] Furthermore, in invention given in above-mentioned claim 4 thru/or either of 6, it is desirable to 
perform heat treatment of the above-mentioned complex at the temperature of the range of 1900-2400 
degrees C, where [ according to claim 7 ] it put this complex into the container made from porosity carbon 
and the outside of the container made from porosity carbon is covered by alpha-SiC fine particles like. The 
reason is as follows. That is, since only the case which only puts into the container made from carbon, and 
is heat-treated decomposes into Si and C and SiC contained in this container exposes it to the exterior of a 
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container through the porou^Rtainer made from carbon, decompositilBnll be promoted before the 
phase transformation of SiC. On the other hand, if the outside of the container made from porosity carbon 
is covered by alpha-SiC fine particles The alpha-SiC fine particles set in the elevated-temperature ambient 
atmosphere are decomposed, and a part of the decomposed Si and C [ at least ] import in a container 
through the container made from porosity carbon. Heat treatment will be performed in a saturation SiC 
steamy ambient atmosphere, by this, disassembly of the alpha-SiC single crystal by the side of a substrate 
and the alpha-SiC polycrystal by the side of the polycrystal fihn can be suppressed, and the quality single 
crystal SiC can be manufactured certainly. 
[0011] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained based on a 
drawing, the alpha-SiC single crystal substrate of hexagonal system (6H mold, 4H mold) with which 
drawingj. - drawing j4 are drawings which explain the manufacture approach of the single crystal SiC 
concerning this invention in order of a production process, and 1 was processed into disc-like [ the disc-like 
diameter d is about 25nmi ] in drawing_l - it is - surface la of this alpha-SiC single crystal substrate 1 - 
grinding - or polish processing is carried out and physical irregularity is removed. In detail, 2000A or less 
of RMS, it is lOOOA or less of RMS preferably, and the surface la is especially adjusted to the surface 
roughness of the range of 100-5 00 A preferably. 

[0012] Then, with the thermochemical vacuxim deposition (henceforth a heat CVD method) \mder 
conditions as shown in Table 1 at surface la of the above-mentioned alpha-SiC single crystal substrate 1, as 
shown in drawing^ , the alpha-SiC polycrystal film 2 is formed so that the 200-500 micrometers film 
thickness t may be preferably set to about 300 micrometers. 
[0013] 
[Table 1] 
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[0014] Subsequently, as shown in drawin g 3 , the complex M which consists of the above-mentioned 
alpha-SiC single crystal substrate 1 and alpha-SiC polycrystal film 2 Where it held in the container 3 made 
fi-om porosity carbon, and it enclosed the outside of this container 3 made firom porosity carbon by the 
alpha-SiC fine particles 4 and it is covered By making it hold for about 2 hours, and heat-treating 1900- 
2400 degrees C under the temperature of 2200 degrees C, preferably, in an argon air current As shown in 
drawing 4 Throughout removing the edges 2e and 2e of this alpha-SiC polycrystal film 2 that imitated 
growth of the single crystal of the above-mentioned alpha-SiC single crystal substrate 1, was made to 
recrystallize the polycrystalline substance of the above-mentioned alpha-SiC polycrystal film 2, and was 
continued and formed in the side-face perimeter of the alpha-SiC single crystal substrate 1, the fi-ont face of 
the above-mentioned alpha- SiC single crystal substrate 1 (Crystal orientation side) The alpha-SiC single 
crystal 5 by which was missing fi-om the above-mentioned alpha-SiC polycrystal film 2 firom la, and 
orientation was carried out to the crystallographic axis and this bearing of the alpha-SiC single crystal 
substrate 1 by one grows. 

[0015] 2000A or less of as mentioned above, RMS which can cancel the mismatching of the crystal lattice 
by surface physical irregularity being small as an alpha-SiC single crystal substrate 1, and a phase 
transformation arising fi-om the base of a crevice, and a side face in coincidence at the time of heat 
treatment, What was preferably adjusted to the surface roughness of lOOOA or less of RMS is used. By 
heat-treating the complex M which comes to form membranes the alpha-SiC polycrystal film 2 on the fi-ont 
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face of the substrate 1 under^^levated temperature (2200 degrees C, ^■Rjrs) beyond the membrane 
formation temperature (1850 degrees C) by the heat CVD method Imitate growth of the alpha-SiC single 
crystal by the side of a substrate 1, and the alpha-SiC single crystal by which it recrystallized in the whole 
region mostly and orientation was carried out to the crystallographic axis and this bearing of the alpha-SiC 
single crystal substrate 1 excluding [ the polycrystalline substance by the side of the above-mentioned 
alpha-SiC polycrystal film 2 ] the edge of the membrane formation part grows up to be one. The crystalline 
nucleus which originates in the mismatching of a crystal lattice at an interface, and the quality and large- 
sized single crystal SiC which does not generate a micro pipe defect etc. can be manufactured efficiently. 
[0016] Incidentally, various surface roughness of the alpha-SiC single crystal substrate 1 was changed, and 
when the crystallinity by X-ray diffraction was evaluated about each alpha-SiC single crystal manufactured 
through the above-mentioned production process, the result as shown in Table 2 was obtained. In addition, 
the numeric value shown in Table 2 is ttie average when measuring five places of arbitration with the half- 
value width (integrated-intensity ratio) of the X-ray rocking curve of reflection (0006) of each single 
crystal. 
[0017] 
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[0018] It tums out that half- value width becomes [ the surface roughness of the alpha-SiC single crystal 
substrate 1 ] narrow rapidly by 2000A of RMS, there is no crystalline dispersion, and the crystal has 
become the good thing of unity so that clearly also from the above-mentioned table 2. 
[0019] Furthermore, by putting this complex M into the container 3 made from porosity carbon, and 
covering the outside of the container 3 made from carbon by the alpha-SiC fine particles 4 in heat treatment 
of the above-mentioned complex M, and performing predetermined heat treatment in an argon air current 
The alpha-SiC fine particles 4 are decomposed in an elevated-temperature ambient atmosphere, a part of 
the decomposed Si and C [ at least ] are made to import in this container 3 through the porous container 3 
made from carbon, and heat treatment predetermined in the inside of a saturation SiC steamy ambient 
atmosphere can be performed. By this While it is possible to suppress disassembly of the alpha-SiC single 
crystal substrate 1 and the alpha-SiC polycrystal film 2, and to manufacture the more quality single crystal 
SiC It is possible it to also be prevented for that Si imported in a container 3 through the porous container 3 
made from carbon and C adhere to SiC before a phase transformation, and to excel in quality further and to 
manufacture the beautiful single crystal SiC by this. 
[0020] 

[Effect of the Invention] As mentioned above, according to claim 1 and invention according to claim 4 That 
of the alpha-SiC single crystal substrate adjusted to the surface roughness of 2000A or less of RMS which 
can cancel easily the mismatching of the crystal lattice by surface physical irregularity being small and a 
phase transformation arising from the base of a crevice and a side face in coincidence at the time of heat 
treatment is used. By forming the alpha-SiC polycrystal film on this substrate front face, and heat-treating 
under the elevated temperature beyond membrane formation temperature The alpha-SiC single crystal in 
which orientation was carried out to the crystallographic axis and this bearing of an alpha-SiC single crystal 
substrate by the recrystallization [ in / almost / the whole region ] except the edge of the polycrystalline 
substance by the side of the alpha-SiC polycrystal film which imitates growth of the alpha-SiC single 
crystal by the side of a substrate can be grown up into one. Therefore, the large-sized single crystal SiC 
which originates in the mismatching of a crystal lattice, does not generate a crystalline nucleus in an 
interface or does not generate a micro pipe defect etc. in it can be obtained stably and efficiently with high 
quality. The effectiveness that utilization of the single crystal SiC which is excellent in large capacity, high 
frequency, pressure-proofing, and a resistance to environment compared with the existing semiconductor 
materials, such as Si (silicon) and As (gallium arsenide), and is expected as a semiconductor material for 
power devices by this can be promoted is done so. 

[0021] Especially, according to claim 2 and invention according to claim 5, the dissolution degree of the 
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mismatching of a crystal latflK'high, and the single crystal SiC of th^B-layer high quality which the 
crystalline nucleus etc. has not generated in an interface can be obtained. 

[0022] Moreover, according to claim 3 and invention according to claim 6, it is possible to form the alpha- 
SiC polycrystal fihn to homogeneity and high definition on the fi-ont face of an alpha-SiC single crystal 
substrate, and alpha-SiC single crystal-ization accompanying heat treatment after membrane formation can 
be carried out to still easier and stability. 

[0023] Furthermore, according to invention according to claim 7, it can also be prevented that Si which 
could perform predetermined heat treatment in the saturation SiC steamy ambient atmosphere, and could 
prevent degradation of the quality by disassembly of an alpha-SiC single crystal substrate and the alpha- 
SiC polycrystal film, and was decomposed, and C adhere to SiC before a phase transformation, and the 
beautiful single crystal SiC can be manufactured with high quality by this. 



[Translation done.] 
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